FLASH MEMORY DEVICE AND PROGRAM VERIFICATION METHOD 

THEREOF 



This application claims priority from Korean Patent Application No. 2002-71599, 
5 filed on November 18, 2002, the contents of which are herein incorporated by reference in 
their entirety. 



Technical Field 

This disclosure relates to a semiconductor memory device, and more particularly, to a 
10 flash memory device that uses variable program verification voltages. 



BACKGROUND 

A flash memory device is a nonvolatile high-density data storage device that can write 
and erase data on an on-board. A flash memory cell includes a field effect transistor (FET) 

15 having a selection gate, a floating gate, a source and a drain. Data is stored in the flash 

memory cell by variations in the amoxmt of charge stored in the floating gate, which causes a 
variation in a threshold voltage (Vt) of the flash memory cell. The data stored in the flash 
memory cell is read out by applying a selection voltage to a word line connected to the 
selection gate. The amount of current, which flows when the flash memory cell is selected, is 

20 determined by the threshold voltage (Vt) of the flash memory cell. 

A flash memory cell generally has two states, i.e., "programmed" and "erased." If the 
flash memory cell is programmed, excess electrons are trapped on the floating gate and the 
threshold voltage (Vt) rises, so that only a small amount of drain-source current flows across 
the flash memory cell when the cell is selected to be read. The programmed state of the flash 

25 memory cell is called a logic "0". If the flash memory cell is erased, there are few or no 

excess electrons on the floating gate, causing a large amount of source-drain current to flow 
across the flash memory cell when the cell is selected to be read. The erased state of the flash 
memory cell is called a logic "1". 

FIG. 1 is a schematic diagram of a conventional flash memory device. Referring to 

30 FIG. 1 , the conventional flash memory cell 100 includes a memory cell array block 1 10, a 

row decoder 120, a word line level selection block 130, a driver block 140, and a page buffer 
150. The memory cell array block 110 includes i number of strings 200, 202, 204, and 206, 
each of which has flash memory cells connected in series with each other. The first string 
200 includes flash memory cells 112, 113, and 114 connected in series with each other. 
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whose gates are connected from the first to the sixteenth word lines WLj (j=Oy 1, . . 15), 
respectively. The flash memory cell 112, connected to the first word line WLO, has a drain 
connected to a first selection transistor 111, whose gate is connected to a string selection line 
SSL. The flash memory cell 1 14, connected to the sixteenth word line WL15, has a source 
5 connected to a second selection transistor 115, whose gate is connected to a ground selection 
line GSL. The first selection transistor 111 has a drain connected to a first bit line BLO, and 
the second selection transistor 115 has a source cormected to a common source line CSL. 

The strings 200, 202, 204, and 206 are connected with the string selection line SSL, 
the first to sixteenth word lines WLj Q=Oy 1 , . . 15), and the ground selection line GSL. 

10 Additionally, each of the strings 200, 202, 204, and 206 is connected to the page buffer 150 
through the bit lines BLO, BLl, BLi-1 and BLi to form one page unit. Although FIG. 1 
shows only one page unit contained in the memory cell array block 1 10 for convenience, the 
memory cell array block 110 can actually include a number of page units. The page units are 
addressed by the row decoder 120. Transistors contained in the driver block 140 are turned 

15 on in response to addressing signals of the row decoder 120, so that one page unit is selected. 

The word line level selection block 130 selects a prograrruning voltage VPGM, a read 
voltage VREAD, a program verification voltage VRDV, or a pass voltage VP ASS according 
to a corresponding mode, and transfers the selected voltage to the driver block 140. The 
programming voltage VPGM and the read voltage VREAD are applied during the 

20 programming operation and the read operation of the selected flash memory cells, 

respectively. The program verification voltage VRDV is applied to verify whether the flash 
memory cell is programmed or not. The pass voltage VPASS is applied to make non-selected 
flash memory cells electrically "turned on" and thus cause a cell current to flow therethrough. 
The driver block 140 applies the corresponding mode voltage to the word lines WLj (j=0, 1, 

25 , . ., 15) of one selected page unit in response to an addressing signal of the row decoder 120. 
The page buffer 150 senses the cell current flowing through the bit lines BLO, BLl, . . BLi-1 
and BLi, and interprets data from the selected flash memory cells. 

After the programming operation, the flash memory device 100 repeatedly performs a 
cycle ("program unit loop") that carries out the program verification operation. As a result of 

30 the program verification operation, if it is verified that the flash memory cells are 

programmed, the programming operation is ended, and if not, the programming operation is 
carried out once more and the program verification operation is repeated. For example, if a 
large number of flash memory cells are connected to a single word line, predetermined cycles 
are required to program all of the flash memory cells and to verify their programs. Once 
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verified that the flash memory cells comiected to the selected word line are completely 
programmed, flash memory cells connected to another word line are programmed and their 
programs are verified. 

If the program operation and the program verification operation are repeatedly 
5 performed to one selected word line, a problem may be caused where the programming 
operation is prematurely ended by misjudging underprogrammed flash memory cells as 
programmed. The reason is, as shown in FIG. 2, that as the programming voltage VPGM 
increases and the program verification voltage VRDV is constantly applied during the 
repeated program unit loops, the cell current increases due to the flash memory cells that are 

10 underprogrammed during the first several program unit loops, thereby causing an increase of 
the level of the common source line CSL. Here, if the program verification voltage VRDV is 
constantly applied throughout the program unit loops, the cell current decreases due to an 
increase in the level of the common source line CSL. Accordingly, the flash memory cells 
that are actually underprogrammed may be misjudged as programmed. 

15 FIG. 3 is a graph of example threshold voltage distributions of flash memory cells 

during the program verification operation of FIG. 2. Referring to FIG. 3, in an initial state, 
when the erase operation is performed to all flash memory cells, the threshold voltage (Vt) of 
the flash memory cells has a negative voltage level. The program unit loops are then 
sequentially performed and the flash memory cells are programmed by the high programming 

20 voltage VPGM at the last loop. As a result, the threshold voltage (Vt) is distributed non- 
uniformly at the high end. This non-uniform distribution of the high threshold voltage (Vt) 
causes a problem of overprogramming the flash memory cells of the page unit. Additionally, 
the flash memory cells having a low threshold voltage (Vt), similar to the program 
verification voltage VRDV, may remain in an underprogrammed state because it is uncertain 

25 whether the flash memory cells are programmed or not. 

Embodiments of the invention address these and other limitations in the prior art. 

SUMMARY OF THE INVENTION 

There is a demand for a flash memory device and a program verification method 
30 thereof, which can prevent a misjudgment as to whether the flash memory cells are 
programmed or not. 

Accordingly, embodiments of the present invention provide a flash memory device 
and a program verification method which can prevent a misjudgment as to whether flash 
memory cells are programmed or not. Additionally, embodiments of the invention are able to 
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provide a substantially uniform distribution of the threshold voltage across programmed 
memory cells. 

Additional advantages and features of the invention will be set forth in part in the 
description which follows and in part will become apparent to those having ordinary skill in 
5 the art upon examination of the following or may be leamed from practice of the invention. 
The features and advantages of the invention may be realized and attained by the structure 
particularly pointed out in the written description and claims hereof as well as the appended 
drawings. 

It is to be understood that the following detailed description of the present invention is 
10 exemplary and explanatory and is intended to provide further explanation of the invention as 
claimed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings are included to provide a further imderstanding of 
15 embodiments of the invention. In the drawings: 

FIG. 1 is a schematic diagram of a conventional flash memory device. 
FIG. 2 is a timing diagram of a program verification of the conventional flash 
memory device shown in FIG. 1 . 

FIG. 3 is a series of graphs to illustrate threshold voltage distributions of flash 
20 memory cells according to the program verification operation of FIG. 2. 

FIG. 4 is a schematic diagram of a flash memory device according to an embodiment 
of the present invention. 

FIG. 5 is a timing diagram of a program verification, in which program verification 
voltages according to an embodiment of the present invention are applied. 
25 FIG. 6 is a series of graphs to illustrate threshold voltage distributions of flash 

memory cells according to the program verification of FIG. 5. 

FIG. 7 is a timing diagram of a program verification, in which program verification 
voltages according to another embodiment of the present invention are applied. 

FIG. 8 is a timing diagram of a program verification, in which program verification 
30 voltages according to yet another embodiment of the present invention are applied. 



DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings. However, the present 
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invention is not limited to the embodiments illustrated hereinafter, and the embodiments 
herein are rather introduced to provide easy and complete understanding of the scope and 
spirit of the present invention. 

FIG. 4 is a view of a flash memory device according to an embodiment of the present 
5 invention. Compared with the conventional flash memory device of FIG. 1, the flash 
memory device 400 further includes a program verification voltage generator 410. The 
program verification voltage generator 410 includes a PMOS transistor 413 connected to a 
power supply voltage VCC, a first NMOS transistor 417 connected to both terminals of a first 
resistor 414, a second NMOS transistor 418 connected to both terminals of a second resistor 

10 415, and a third resistor 416 connected fi-om the second NMOS transistor 418 to a ground 
reference voltage. The PMOS transistor 413 is gated to an output of a comparator 412 that 
compares a reference voltage VREF to a voltage of a node NA between the first and second 
resistors. The first NMOS transistor 417 is gated to a first program verification control signal 
PGM_VFEN1 to make the first resistor 414 electrically shorted, and the second NMOS 

15 transistor 418 is gated to a second program verification control signal PGM_VFEN2 to make 
the second resistor 415 electrically shorted. 

The program verification voltage generator 410 causes the first or second resistor 414 
or 415 to be selectively shorted according to an activation of the first or second program 
verification control signal PGM_VFEN1 or PGM_VFEN2. This allows the program 

20 verification voltage VRDV to be generated at a high or low voltage level. If the first and 

second program verification control signals PGM VFENl and PGMJVPEN2 are inactivated, 
the program verification voltage VRDV is generated to a high voltage level. If, however, the 
first and second program verification control signals PGM VFENl and PGM_VFEN2 are 
activated, the program verification voltage VRDV is generated to a low voltage level. 

25 Additionally, if the first or second program verification control signal PGM_VFEN1 or 

PGM_VFEN2 is selectively activated, the program verification voltage VRDV is generated 
to one of two intermediate voltage levels between the high voltage level and the low voltage 
level. 

FIG. 5 is a timing diagram of the program verification according to an embodiment of 
30 the present invention, in which the program verification voltage VRDV generated by the 
program verification voltage generator 410 is applied thereto. At an (n-2)th program unit 
loop, the programming operation is carried out with a first programming voltage VPGMl and 
then the program verification operation is carried out with a first program verification voltage 
VRDVl . At an (n-l)th program unit loop, the programming operation is carried out with a 
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second programming voltage VPGM2 and then the program verification operation is carried 
out with a second program verification voltage VRDV2, which has a lower voltage level than 
the first program verification voltage VRDVl. At an nth program unit loop, the 
programming operation is carried out with a third programming voltage VPGM3 and then the 
5 program verification operation is carried out with the first program verification voltage 
VRDVl, which has a higher voltage level than the second program verification voltage 
VRDV2. At an (n+l)th program unit loop, the programming operation is carried out with a 
fourth prograrrmiing voltage VPGM4 and then the program verification operation is carried 
out with the second program verification voltage VRDV2, which has a lower voltage level 

1 0 than the first program verification voltage VRDVl . 

As described above, if the program verification operations are carried out with voltage 
levels that are higher or lower than the precedent program verification voltage VRDV at each 
program unit loop, flash memory cells actually underprogrammed are verified as 
"programmed" at the second program verification voltage VRDV2 and then as 

15 "underprogrammed" at the first program verification voltage VRDVl, so that the 

programming operation is resumed. Accordingly, the underprogrammed flash memory cells 
are completely programmed. 

FIG. 6 illustrates example threshold voltage distributions of the flash memory cells 
according to the program verification of embodiments of the present invention. Referring to 

20 FIG. 6, in an initial state afl:er the erase operation is performed to all flash memory cells, the 
threshold voltage (Vt) of the flash memory cells has a negative voltage level. Thereafter, the 
program verification voltages VRDV are changed at the program unit loops. At the (n-l)th 
program unit loop, it is vmcertain whether the flash memory cells having a threshold voltage 
(Vt) of about the second program verification voltage VRDV2 are programmed or not. At 

25 the nth program unit loop, the flash memory cells having a threshold voltage (Vt) lower than 
the first program verification voltage VRDVl, i.e., the flash memory cells whose programs 
are judged as "uncertain", are verified as underprogrammed, so that the programming 
operation is resumed. Therefore, at the last program unit loop, the threshold voltage (Vt) of 
the flash memory cells is uniformly distributed, so that underprogrammed flash memory cells 

30 and overprogrammed flash memory cells are eliminated. 

FIG. 7 is a timing diagram of a program verification, in which program verification 
voltages are applied according to another embodiment of the present invention. Referring to 
FIG. 7, at the sequential program unit loops, the program operation is carried out while 
increasing the programming voltages VPGMl, VPGM2, VPGM3, and VPGM4 at each loop. 
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Then the program verification operation is carried out with the program verification voltages 
VRDVl, VRDV2, VRDV3 and VRDV4. The first to fourth program verification voltages 
VRDVl, VRDV2, VRDV3 and VRDV4 each have different voltage levels from each other. 
FIG. 8 is a timing diagram of a program verification, in which program verification 
5 voltages are applied according to yet another embodiment of the present invention. Referring 
to FIG. 8, a program verification voltage VRDV3 at an nth program unit loop is set to a lower 
level than a program verification voltage VRDV2 at an (n-l)th program xmit loop, and a 
program verification voltage VRDV4 at an (n+l)th program unit loop is set to a lower level 
than a program verification voltage VRDV3 at the nth program unit loop. In another manner, 

10 a program verification voltage VRDV3 at an nth program unit loop can be set to a higher 
level than a program verification voltage VRDV2 at an (n-l)th program unit loop, and a 
program verification voltage VRDV4 at an (n+l)th program unit loop can be set to a higher 
level than a program verification voltage VRDV3 at the nth program unit loop. 

According to embodiments of the present invention, the flash memory cells that are 

15 verified as uncertain as to whether they are programmed or not can be completely 

programmed since the program verification operation is carried out while changing the 
program verification voltage levels. 

In an aspect of the present invention, there is provided a flash memory device which 
includes: a memory cell array block having a plurality of flash memory cells arrayed therein; 

20 a program verification voltage generator for variably generating program verification 

voltages to verify whether the flash memory cells are programmed or not; and a word line 
level selector for transferring the program verification voltages to word lines connected to 
control gates of the flash memory cells. 

Preferably, the program verification voltage generator includes: a PMOS transistor 

25 and first to third resistors, which are connected in series between a power supply voltage and 
a ground voltage; a first NMOS transistor connected to both terminals of the first resistor, for 
making the first resistor electrically shorted in response to a first program verification control 
signal and generating the program verification voltage at a node between drains of the PMOS 
transistor and the first NMOS transistor; a second NMOS transistor connected to both 

30 terminals of the second resistor, for making the second resistor electrically shorted in 

response to a second program verification control signal; and a comparator for comparing a 
reference voltage with a voltage of a node between the first and second resistors, the 
comparator having an output connected to a gate of the PMOS transistor. The first and 
second program verification control signals are selectively activated to change levels of the 
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program verification voltages. The word line level selector applies a programming voltage, a 
read voltage, a pass voltage or an erase voltage to the word lines of the flash memory cells 
according to operation modes. 

In another aspect of the present invention, there is provided a method of verifying 
whether the flash memory cells contained in a flash memory device are programmed or not, 
by applying predetermined programming voltages to the flash memory cells; generating 
program verification voltages selectively in response to the program verification voltages; 
and verifying whether the flash memory cells are programmed or not in response to the 
program verification voltages, in which program unit loop cycles including first to third steps 
are repeatedly carried out until the programming of the flash memory cells is completed and 
the program verification voltages are changed at each program unit loop cycle. 

Additionally, the flash memory cells that are verified as uncertain as to whether they 
are programmed or not can be completely programmed since the program verification 
operation is carried out while changing the program verification voltage levels. 

It will be apparent to those skilled in the art that various modifications and variations 
can be made in the present invention. Thus, it is intended that the present invention covers the 
modifications and variations of this invention provided they come within the scope of the 
appended claims and their equivalents. 
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